and rh transforming growth factor beta (TGF/3) did not increase ICAM-1 surface expression. In contrast, rhTNF/3 significantly up-regulated ICAM-1 expression in a time-and dose-dependent manner. Moreover, the combination of rhTNF/3 with rhiFNy increased the percentage ofiCAM-1positive KC synergistically. This stimulatory effect of rhTNF/3 was further confirmed by the demonstration that rhTNF/3 was capable of markedly enhancing ICAM-1 mRNA expression in KC. Finally, exposure ofKC in vitro to sublethal doses ofUV radiation (0-100 J/m 2 ) prior to cytokine {rhiFNr, rhTNFa, rhTNF/3) stimulation inhibited ICAM-1 up-regulation in a dose-dependent fashion. These studies identify TNF/3 and UV light as potent regulators of KC ICAM-1 expression, which may influence both attachment and detachment of leukocytes and possibly viruses to KC.J Invest Dermato/95:127-131 1990 binding appears to be the major pathway by which lymphocytes and/or monocytes are able to attach to KC [4) . In addition, ICAM-1 may also be involved in viral infection, because a major human picorna virus receptor recently has been demonstrated to be identical to ICAM-1 (5, 6] .
ICAM-1 is a glycosylated membrane protein with a molecular weight ranging from 90-114 kD (7) . Normal human KC express no or only small numbers of ICAM-1 molecules, but stimulation with inflammatory cytokines such as interferon gamma (IFNy) and tumor necrosis factor alpha (TNFa) may increase ICAM-1 up to 1.8 X 10 6 sites/keratinocyte [4] . Accordingly, KC expressing ICAM-1 can easily be detected in biopsies taken from skin lesions in psoriasis, allergic contact dermatitis, and atopic dermatitis, whereas no ICAM-1 is found on KC from normal skin [8, 9) . This may be caused by cytokines released from KC as well as T lymphocytes and monocytes [10) .
In order to further define the regulatory mechanisms of KC ICAM-1 expression, in the present study, a variety of cytokines different from IFNy and TNFa were tested for their effects on ICAM-1 expression on transformed or normal human KC. In addition, the effect of in vitro ultraviolet radiation (UV) on the constitutive and cytokine-induced KC ICAM-1 expression was assessed.
MATERIALS AND METHODS
Cytokines and Antibodies Recombinant human (rh) interleukin (IL) la, rhiL-4, rhiL-5, rhiL-6, rh-granulocytejmacrophage colony-stimulating factor (GM-CSF), and rhiFN-r were purchased from Genzyme Corp., Boston, MA. Recombinant human TNFa, 0022-202X/90/S03.50 Copyright© 1990 by The Society for Investigative Dermatology, Inc. 127 rh-tumor necrosis factor beta (TNFft) , and interferon alpha (IFNa) were a friendly gift from Dr. G.R. Adolf, Ernst-Boehringer-lnstitute, Vienna, Austria. Highly purified porcine transforming growth factor beta (TGFft) was obtained from R+D Systems Inc., Minneapolis, MN. Monoclonal antibody (MoAb) 84H10 (anti-ICAM-1, mouse IgG 1) was purchased from Immunotech, Marseille, France. A mouse IgG1 isotype control antibody was obtained from Sigma Chemicals (St. Louis, MO) and the FITC-conjugated affinity-purified goat anti-mouse Fab 2 from Dianova, Hamburg, FRG.
Cell Culture The human carcinoma cell line KB (ATCC, Rockville, MD) was maintained in monolayer cultu~es at 37oC in a humidified atmosphere containing S% C0 2 as previously described [11}. For cytokine stimulation, cells were plated at a density of 5 X 10 5 / ml in six-well tissue-culture plates {Costar, Uppsala, Sweden) in the presence or absence of the indicated cytokine(s). For assessment of ICAM-1 surface expression, KC were collected at the indicated time points by treatment with cold PBS and the subsequent use of a rubber policeman. In some experiments, long-term cultured normal human foreskin KC (HNK) were used, which had been obtained from Clonetics Corporation, San Diego, CA and maintained in a defined keratinocyte growth medium (Clonetics, San Diego, CA) [12}.
Immunofluorescence Flow Cytometry Collected and washed cells (1 X 10 6 ) were incubated with a 1:40 dilution of MAb 84H10 or the equivalent amount of a mouse IgG1 isotype control antibody for 30 min at 4 o C, washed 3 times in PBS containing 0.05 % sodium azide, resuspended, and incubated with a 1:20 dilution of goat anti-mouse FITC-(Fab') 2 for 30 min at 4°C. Subsequently, cells w ere washed 3 times and either analyzed immediately or fixed with 1% paraformaldehyde and analyzed within 4 d. FACS analysis was performed using a FAeS SCAN (Becton Dickinson, Mountain View, eA) . Prior to analysis, cells were routinely stained with propidium iodine to exclude dead cells and usually 5000 cells per sample were assessed . Data are given either as histograms of fluorescence intensity versus cell number or as% IeAM-1 reactive cells in comparison to unstimulated control cells.
Ultraviolet Radiation Human epidermoid carcinoma cell line (KB) cells were exposed in vitro to UV radiation either before or after cytokine stimulation. 1 X 10 6 cells were placed in 35 X 10 mm culture dish es (Falcon, O xnard, CA) in H ank's bal anced salt solution without phenol red (Gibco, Paisley , Scotland) and then ex posed to various doses of UV radiation from a bank of 4 FS 20 sunlamps (Westinghouse Electncal Corp., Bloomfield, NJ) th at are known to emit primarily in the UVB range (280-320 nm) . The UVB output was monitored by means of an IL 700 research radiometer and SEE 240 UVB photodetector (International Light, N ewburyport, MA) and was approximately 24 X 1 0~5 W / cm 2 at a tubeto-target distance of 22 em. In order to obtam a homogenously irradiated cell population, culture dishes wer~ gently shaken every 15 seconds during UV exposure. After IrradiatiOn, cells were collected, washed, and then analyzed for IeAM-1 expression either immediately or after a 24-h incubation period. Viabili.ty o. f irradiated cells, as assessed by trypan blue exclus1on or prop1dmm 10dme staining was > 90% for the entire duration of the culture period.
Northern Blot Analysis Northern blot analysis was performed as previously described [11}. Briefly, cultured KB cells were gently detached and subsequently lysed in 4 M guanidine isothiocianate. RNA was pell eted by ultracentrifugation through cesium chloride. The concentration of RNA was determined from A260 nm, and A260/A280 ratios were > 1.7. RNA was electrophoresed in 1.2% agarose gels containing formaldehyde {2.2 M) . After capillary transfer of the RNA to nitrocellulose (Schleicher & Schuell , Dasse l, FRG) membranes were prehybridized for at least 4 h by using a hybridizin g solution containing 10% dextrane sulfate, 40% formamide, 20% 20 X sse, salmon sperm DNA (50 ,ug/ml), and yeast transfer RNA (50 ,ug/ml). ICAM-1 mRNA was detected by using a 3.0-kb eDNA probe, which was a kind gift from Dr. T .A. Springer, Dana Farber Cancer Institute, Harvard Medical School, Boston, THE JOURNAL OF INVESTIGATIVE DERMATOLOG{ MA. IeAM-1 eDNA or mouse fi-actin eDNA, which was obtain , from Dr. P. Nielson, Max-Planck-lnstitut fur Immunbiolog~ Freib~rg, FRG, were labeled by nick translation with [a 32 -p]deo~ yadenme tnphosphate (Amersham, Buchlar, FRG) and Northe~ blot analys1s was performed usmg 10 ,ug of total RNA under stril\ ge nt washing conditions (three times for 20 min by using 0 .1 \ SSe and 0.1% SDS at 65 °C). Blots were exposed to an x-ray film~ -70 oe for 24 h. cells were stimulated with rhTNF,B in combination with rhTNFa, rhGM-CSF, rhiL-4, or rhiL-6 (data not shown).
To determine whether rhTNF,B-induced ICAM-1 cell-surface expression was due to the novel synthesis of these molecules, Northern blot analysis was performed. RNA extracted from KB cells was hybridized with a radiolabeled eDNA probe encoding for 
92±7'
'Transformed human keratinocytes were cultured for 24 h with rhJFNy (1000) U /ml) and various concentrations of rhTNFP (0, 50, 500, and 5000 U / ml). Percentage of ICAM-1positive keratinocytes was assessed cytofluorometrically using MoAb (Fig 3, lane 1) . Stimulation of cells for 4 h with eith er rhiFN-r or rhTNF,B strongly enhanced ICAM-1 mRNA expression (Fig 3, lanes 2 and 3) . Moreover, the combination of both cytokines induced ICAM-1 mRNA expression stronger than each cytokine alone (lan e 4) . The differences in ICAM-1 mRNA expression were not due to different amounts of total RNA, because hybridzation with a ,8-actin probe gave almost identical signals in all four lanes .
ICAM-1. Unstimulated KB cells expressed clearly detectable but low amounts of ICAM-1 -specific mRNA
UV radiation is known to exhibit a variety of immunosuppressive activities including the inhibition of IFNy-induced cell-surface receptor expression on epidermal cells [13] [14] [15] . In order to assess the effect of UV irradiation on cyt?kii~e-induced ICAM-1 expression on KC, KB cells were exposed 111 vitro to sublethal doses ofUV light before treatment with optimal concentrations ofiFNy. Exposure of cells to doses ofUV radiation up to 100 J/m 2 UV decreased ICAM-1 surface expression in a dose-dependent fashion (Table III) .
This inhibitory effect ofUV light could also be observed when K.C were stimulated with TNFa or TNF/3 instead of IFNy. In contrast, UV irradiation did not effect the low constitutive ICAM-1 expression of unstimulated KB cells within the 24-h incubation period or the cytokine-induced ICAM-1 expression of cells that had first been stimulated for 24 h with IFNy and then exposed to UV radiation (data not shown).
DISCUSSION
These studies provide clear evidence that stimulation of human KC with rhTNF/3 markedly up-regulates ICAM-1 cell-surface expression. This is in agreement with recent reports showing that TNF/3 is capable of up-regulating ICAM-1 molecules on !mman fetal ast:ocytes and endothelial cells [16?17] . TNF/3-med1ated ICA~-1 111duction was weaker than IFNy-mduced ICAM-1 up-regulatiOn, but resembled that achieved with TN Fa, indicating that both cytokines may act via a similar mechanism. This is further supported by the observation that addition of optimal doses of both cytokines to K.C cultures failed to increase the percentage of ICAM-1-positive cells above the level that could be observed after stimulation with each cytokine alone. Accordingly, human TNFa and TNF/3 show 28% structural homology, the genes for both cytokines are closely linked, and TNFa and TNF/3 may compete for the same receptor [ 18, 19] . In contrast to these similarities, several important differences between these two cytokines have been reported. TNF/3 is a T-cell derived cytokine, which is not produced by normal monocytes [20] . TNFa, however, is secreted by cells of monocyte/macrophage lineage and as recently demonstrated by keratinocytes [10, 21, 22] . In addition to different cellular sources, TNFa and TNF/3 also .differ in their biologic activities. For example, TNFa, but not TNF/3, does induce production of a hematopoietic growth factor from human endothelial cells [23) . In the present study, both cytokines were found to be capable of inducing equivalent numbers ofiCAM-1-positive KC, but only ifTNFjJwas used in concentrations that were about tenfold higher than those used for TNFa. Similarly, TNF/3 was found to be less active than TNFa in stimulation of endothelial cell adhesiveness for neutrophils [23) . Low doses ofTNF/3, however, potently increased ICAM-1 surface expression if combined with IFNy. A similar synergism between TNF/3 and IFNy previously had been observed for class II antigen or IgG Fe receptor induction on a variety of human cell types [24] [25] [26] . Because IFNy has been shown to up-regulate cell-surface receptors for 'Transformed human keratinocytes were exposed in vitro to various doses of UV radiation (0-100 J/ m 2 ) and subsequently incubated for 24 h with either rhiFNy (1000 U/ml), rhTNFa (500 U/ml), or rhTNFp (5000 U/ml). Percentage of ICAM-1positive cells was determined by FACS analysis using MoAb 84H10 as described in Materials and Methods (mean ± SE of three expenmenrs). UVB radiation did not alter JCAM-1 expression on unstimulated KB cells after the 24-h incubation period.
'p > 0.002 as compared to unirradiated cells.
1 > 0.001 as compared to unirradiated cells. n.d., not done.
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TNFajTNF/3, this may at least partially account for the synergistic induction ofiCAM-1 molecules on human KC by these two cytokines (19,27} . Accordingly, TNFa previously had been reported to synergize with IFNy in inducing keratinocyte ICAM-1 expression (4). These data clearly indicate that two closely related cytokines, TNFa and TNF/3, differentially affect a common target cell, the human KC.
The increase ofiCAM-1 expression on human KC upon stimulation with TNFjJmay be explained by the induction of biosynthesis ofiCAM-1 molecules or by the enhanced cell-surface expression of preformed intracellularly localized ICAM-1 molecules as has been reported for human peripheral blood monocytes [28) . In the present study, an increase in ICAM-1 reactive KC could not be observed after a 2-h stimulation of KB cells with TNF/3 but was clearly detectable after 6 h. Moreover, stimulation of cells for 4 h with TNF/3 markedly enhanced ICAM-1 mRNA expression. Because the kinetics of TNF/3-induced ICAM-1 gene transcription are evidently well in line with the immunofluorescence data, it is proposed that TNF/3-induced KC ICAM-1 expression is primarily due to de novo synthesis of ICAM-1 molecules. In contrast to IFNy, TNFa: and TNFjJ, all other cytokines tested failed to significantly induce ICAM-1 surface expression. These negative data, however, have been derived from experiments employing malignant epidermal cell lines and therefore it can not be excluded that some of these factors may be able to modulate ICAM-1 expression on normal, untransformed keratinocytes.
Ultraviolet radiation is a potent modulator of cell-mediated immune responses and this UV -induced immunosuppression may contribute at least in part to alterations of epidermal cell cytokine production and cell-surface antigen expression (13) . The experiments reported have demonstrated that in vitro irradiation of transformed human KC with sublethal doses of UV dose-dependently inhibited IFNy, TNFa and TNF/3 induced ICAM-1 expression. In contrast, exposure of cells to UV radiation after cytokine stimulation did not affect ICAM-1 expression. Similarly, it was recently reported that IFNy-induced ICAM-1 up-regulation on HNK may be inhibited by in vitro UV exposure (29] . Moreover, UV radiation has also been shown to inhibit IFNy-induced HLA-DR antigen expression on KC, but only if cells were irradiated prior to cytokine stimulation [14] . Finally, experiments employing epidermal Langerhans cells and human peripheral blood monocytes have demonstrated that UV radiation of cells did not down-regulate expression of surface molecules that were already induced on these cells [15, 30) . T aken together, these results further support the concept that constitutive expression of immunologically relevant cell-surface receptors remains unaltered by UV radiation, whereas the ability of cells to increase the expression of these antigens following UV exposure is impaired [13] .
The present observation that two T -cell-derived cytokines IFNy and TNF/3, were capable of up-regulating KC ICAM-1 expression and that the combination of both cytokines even had a synergistic effect, strongly suggests an important role forT cells in KC ICAM-1 regulation. Depending on the quantity and timing of IFNy and TNF/3 generation in situ, T cells may generate a dens~ matrix of ICAM-1 molecules within the epidermis, which in turn allows binding ofLFA-1located on T cells to ICAM-1 expressed on KC and thus the generation and/or maintenance of aT cell infiltrate. Accordingly, skin biopsy specimens from areas of allergic contact dermatitis contained ICAM-1-positive KC, whereas no ICAM-1 was expressed on KC from normal skin [8, 9) .
Moreover, in inflammatory dermatoses such as psoriasis or atopic dermatitis, KC also have been found to express increased levels of ICAM-1 (9] . Although UV radiation therapy has proved to be of some benefit in these disorders, the exact mechanism of the anti-inflammatory properties of this modality is presently unknown. In view of the recent observation that in vitro UV radiation is capable of suppressing KC ICAM-1 expression, which is induced by inflammatory cytokines, one may speculate that this newly recognized inhibitory effect of UV light may at least partially account for in therapeutic usefulness.
In summary, these studies identify TNFfi as a cytokine that in addition to IFNy and TNFa is capable of up-regulating synthesis and expression of ICAM-1 molecules on human KC. In contrast, UV light was found to be a potent down-regulator of cytokine-induced ICAM-1 ex pression on the KC surface . Thus, cytokines and UV radiation represent important regulators of KC ICAM-1 expression and may influence both attachment and detachment of leukocytes and possibly viruses to epidermal KC.
